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PURPOSE: To provide design guidance by pointing out the types of tidal eleva-
tion probability estimates that can be performed using CERC Special Report SR-7,
and to illustrate the use of the probability tables through several examples.

INTRODUCTION: Calculation of tidal elevation probabilities for the 55 United

States tide stations listed in the Table is performed using Tides and Tidal
Datums in the United States (SR-7) by Harris (1981). The probability tables
in SR~7 have been prepared using a computer program which calculates statistical

distributions of tidal height variations at each station.

The tide probability tables in Appendix B of SR-7 provide a means of estimating

such statistical information as:

1. The extreme highest and extreme lowest tidal water level expected to occur
in a 19-year period (Table a).

2. The probability that the tide level will be higher than (or less than) a
given level at some time during a calendar month (Table a).

3. The probability that a daily high or low water level will exceed a given
level (Table b).

4. The probability that a daily higher high or lower low water level will exceed
a given level (Table b).

5. The probability that an hourly tide level will exceed a given level (Table b).

In items 2 through 5 the reverse may also be found, i.e., given a probability, the

level of exceedence corresponding to that probability can be found.

APPLICATIONS: Tidal probabilities can be used in cases where it is necessary to

estimate the amount of time a given elevation will be exposed to wave action by
virtue of the tide level. Examples include protective coatings on pier pilings,
exposure of coastal structures to wave attack, and placement of beach fill. It
is also possible to estimate the probability that vessels of a certain draft will
be delayed while waiting for a more favorable tide before navigating a harbor

entrance.
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The Jdesign water level for a structure is usually based oa Mean High Water. Tt
is important to realize thar 507 of the high water levels will exceed this level.
1f this poses a threat to tbe struciture, a design level which will be exceeded
less often may be found using the probability tables. In the same manner, 50% of
the low water levels will be below Mean Low Water., Where scouring of a structure
is likely tu occur due to wave action at low tide levels, the probability tables
mav he used to obtain a design level that will be exposed less ofteuw.

TABLE ~ TIDE STATIONS WITH PROBABILITY STATISTICS

EASTPORT, MAINE CHARLESTON, 5.C. SOUTH BEACH, OREG. I
PORTLAND, MAINE SAVANNAH RIVER ENTRANCE K ~4 ASTORIA, OREG.
BOSTON, MASS. SAVANNAH, GA. ABERDEEN, WASH.
NEWPORT, R.I. MAYPORT, FLA. PT. TOWNSEND, WASH. |
NEW LONDON, CON. MIAMI HARBOR ENTRANCE, ¥La SEATTLE, WASH. ;
BRIDGEPORT, CONN. KEY WEST, FLA. FRIDAY HARBOR, WASH. i
WILLETS POINT, N.¥. NAPLES, FLA. KETCHLIKAN, ALASKA :
NEW YORK (Thz Battery:, W.¥. ST. PETERSBURG, FLA. JUNEAU, ALASKA .
ALBANY, N.Y. ST. MARKS RIVER ENTRANCE, FLA SITKA, ALASKA
SANDY HOOK, W.J. PENSACOLA, FLA. CORDOVA, ALASKA
ATLANTIC CITY, N.J. MOBILE, ALA. SELDOVIA, ALASKA
BREAKWATER HARBOR, NFI. GALVESTON (Ship Channel}, TEX ANCHORAGE , ALASKA
REEDY POINT, DEL SAN JUAN, P.R. KODIAK, ALASKA !
PHILADELPHIA, P4, SAN DIEGO, CALIF. DUTCH HARBOR, ALASKA 5
BALTIMORE, MD. LOS ANGELES (Outer Harborj, tALIF. SWEEPER COVE, ALASKA °
WASHINGTON, D.C. : SAN FRANCISCO (Golden fate), CALIF. { MASSACRE BAY, ALASKA
HAMPTON ROADS, ¥4A HUMBOLDT, CALIF. NUSHAGAK, ALASKA
WILMINGTON, N.C. CRESCENT CITY, CALIF. ST. MICHAEL, ALASKA
HONOLULU, HAWAII

The following examples illustrate the use of the tidal probability tables for a
number of typical design applications. Other uses will be evident to the coastal
engineer familiar with probability distributions.
kkkhkkhhkhkhkhhhhhkhhkrhikhkhrkkrkikk EXAMPLE 1 ;**********************************k
REQUIRED: The maximum and minimum predicted tidal levels expected Lo occur over
a 19-year period at Newport, R.T.

SOLUTION: From the Index to Appendix B of 3R-7 for Newpori, R.I. (page 115) the
Normalizing Factor (N.F.) is 1.810 feet (M). This value is half of the mean tide

rangs. Note that in some cases N.F. is half of the diurnal range (D).

ﬂgzémuM’ From Table B~4a under the heading "Extreme Mo. High Water' (or Table

B~4b ninder 'Higher High Water”, "High Water”, or "Hourly Valnes™) far Class Wo.

16j, the Lower Limit (L.L.) is 1.8832
The Maxiwum Tide Level = L.[., x N.¥, = {1.8832)(1.810) = 3.41 feet {(above Mean
"Séa Level)

Mindnum:  From Table B-4a under the heading "Extreme Mo, Low Water™ for Class No.
1, the Lower Limit is -1.6223.

Therefore, the Minimum Tide Level = L.L. x N.F. = (~1.6223)(1.810) = -2.94 feet
(relative to MSL).
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PROBLEM: A weir sand-bypassing system at Mayport, FL, will not bypass sand when
the tide level falls lower than 3.4 feet below MSL (-1.13 feet MLW).

REQUIRED: Estimate:

(a) The probability that a low tide will be below -3.4 feet during the month.
(b) The probability that a daily low water level will be below -3.4 feet.

(¢) The hours per year that the system will not bypass sand.

SOLUTION:
(a) From the station index on page 115 of SR-7, the Normalizing Factor (N.F.) for
Mayport is 2.232 feet (M). The required lower limit for use in the probability

tables is found as
tide level _ _-3.4 feet
N.F. 2.232 feet

From Table B-22a under the column "Extreme_Mo. Low Water' the Lower Limit falls

between Class Nos. 34 and 33 as shown below.

Lower Limit =

= -1.5233.

The probability that a low tide level will Class Lower Cum.
- No. Limit Freq.
be above ~3.4 feet is founq by 1ine§r 34 1-1.5214 (h+) 0. 6360 (P+)
interpolation using equation 28 from SR-7. -1.5233 (hc) P(h>hc)
- h -h ]
P(h>h ) =P+ c ® -7) 33 |-1.5283 (h_ )| 0.6491 (P))
c - h+ - h_ + - -

Using the values tabulated to the right,

-1.5233 - §-1.5283)) .
P25 - - =
P(h>-3.4) = 0.6491 + T1.5214 = (-1.5283) (0.6360 ‘0.6491) 0.6396.

The probability that a low water will be below -3.4 feet at some time during the
month 1s (1 ~ 0.6396) (100%) = 36.0%.

(b) The probability that a daily low water level will be lower than -3.4 feet is
found from Table B~22b of SR-7 under the column "Low Water". Using the same
Lower Limit (L.L. = ~1.5233) as part (a),

and interpolating as before (Table at right) Class Lower Com.
gives ‘ No. Limit Freq.
P(h>-3.4) = 0.9703, 16 -1.5178 (h+) 0.9687 (P+)
which is the probability that a daily low -1.5233 (b)) | P(h>he)
water level is above -3.4 feet MSL. The 15 =1.5332 (h_) | 0.9731 (P_)

probability that a daily low water level will
be below ~3.4 feet i1s (1 - 0.9703)(100%) = 3.0%.

(¢) The average number of hours per year that the water level is lower than 3.4
feet below MSL is found from the column “Hourly Values" (Table B-22b of SR-7).

Using the same Lower Limit and interpolating as before, Class | Lower Cum.

. F .
P(h>-3.4) = 0.9973, and the hours per year that the No Limit req.

-1, 81 0.9966
system does not bypass sand is 8 -i.?gg3

-1.5387 | 0.9978

(1 - 0.9973) (24 hrs/day) (365 days/yr) = 23.7 hrs/yr.| ’

NOTE: Time estimates should only be calculated using "Hourly Values".
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FRLNSWRL P NGWRWR R AR R TN NL NSty EXAMTILE T Ao v gt dede st Sl e e de e e e e e e et
REQUIRED  Estimate the tidal range ab the Soldew Gace, Sa- Francisco, iv which 907%
of the high water lovels and 90% ot the low water levals accur each month

SOLUTLON  High Water Levels:

When 907 »f the monthiy high watecs ars below a glven level, then 107 ot the

hiph waters will exised this leve!  The Cumulative Frequency of this axceedenca
in 107 ,

007 Gt e e ottt e e e i e e s e e e

g ClassT Lower Cum,

from Cabie B-34a of SR -/ under rhe No. | Limit Freq.
colunn "Extreme Mo. High Water  fac 87 1.3175 (h+) 0.0965 (P+5”V
the Cumulacive Frequency = 3. !, (h > 9.1000 (P(h>hc))
the value of h_ is interpolated 86 1.3129 {n_)| 0.1096 (P_)

between Tlass Nos. 87 and 86 using thi:

(h, - ha

formul.: (P(h>nh ) - P )
. c -

h =h +
C - ¥

i
(P+ P

e ing the valves tabulated above,

(0.1000 - 0.1096) i
(0.0965 ~ 0.1096) |

{1.3175 = 1.3129) = 1.3163

h = 1.37129 + [
c
The 2levation above MSL 1s found by multiplying the value of a, by the Normalizing
Factor given in Appendix B Index (N.F. = 2.865 feet).

E = + 3163 (2,865) = 3, 3 2 D R
+h90Z F.3163 (2,865 3.77 feet above MSL

Low Waten Levels:

When 90% of the monthly low tides are above a givep level, this level corresponds

to a Cumulative Frequency of U.9C. From columr Class| Lower Cum. 7

"Extreme Mo. Low Water', Table B-34a of SR-7, No. Limit Freq.

interpclation gives 14 -1.7061| 0.8991

| S (h.) 0.9000
oo =1.707% 13 -1.7170} 0.9079

~

and rh- alevation below MSL is

= =1 1072 {2 .865: = -4 .89 feer (below MSL!

Doy
She tetas tidal rangs whion lociodes 37 aF ke moathly high watecs and 907 of
the monthly low waters is

_ Range = 3.77 fu. - (-4 89 fr.} = 8.66 feer.
The extreme predicted range ovec a |9-year period ar the Golden Gate, San Francisco,
{estimated as per Example 1} 1o
Extreme Tide Range = 3.902 -~ (=5.147) = 9,11 feet.
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NOTE. For approximate estimates interpolation is generally not necessary.
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Tkdkkkkdkkhkkkkhhhkkkihhhkhkhkhhkkkkkkikix EXAMPLE 4 **kkkkhkkkhkhkkhhkhhhhhhhkkiokhkhkk
PROBLEM: Vessels of a certain draft are sometimes delayed at the entrance to
Humboldt Bay, CA. while awaiting sufficient tide levels in order to safely pass

through the channel.

REQUIRED: A shoal in the channel has a depth of -30.5 feet MLLW (-34.0 feet MSL).
A vessel drawing 26.0 feet requires a minimum depth of 5.5 feet under the keel
(neglecting wave action) for a total required depth of 31.5 feet. This corresponds
to a required tide level of -2.5 feet (relative to MSL) to provide the minimum re-
quired depth. Estimate the probability from "Hourly Values” that this vessel will

be delayed at the entrance.

SOLUTION: The Normalizing Factor for Humboldt Bay (from Appendix B Index) is
3.202 feet (D). The required Lower Limit is

L.L. = _~2.5 ft. _ -0.7808. Class | Lower Cum.
3.202 ft. No. Limit Freg.
From Table B-35b under the column "Hourly Values," 32 -0.7791 | 0.8741
the Cumulative Frequency is interpolated between -0.7808
o 31 -0.8123 | 0.8844
Class Nos. 32 and 31 give -

P(h>-2.5) = 0.8746.
Therefore, the probability that the tide level will be below -2.5 feet (MSL) is
(1 -~ 0.8746) = 0.1254 or 12.5% of the time.

NOTE: This type of information can be useful in determining design depth require-

ments for navigation projects.

Note that when a ship must transit some distance into a harbor,
and the ship is entering on an ebb tide, that the speed of the
tidal progression into the harbor may be greater than the speed
of the ship. The progression of the tide is governed by low
amplitude wave theory and can be estimated by c¢ =¥gd where c is
the celerity, g is gravitational acceleration (32.2 ft/sec“), and
d is the water depth in the estuary, bay, or sound (not in the
dredged channel). If shallow areas exist in the channel inside
the bar, then the percentage of time that vessels are delayed may
be greater than the value calculated following the procedure in
the above example.

FEXEEXERKKKXEREER KX KRR RREXXKXX Example B XX EXXXEXXRRKKEXRRX KRRk KkX kXXX

PROBLEM: It is sometimes necessary to estimate tide elevation
probabilities at locations other than those listed in the Table.
The following two examples illustrate how this can be done.



¢a:  REQUIRED. Adjust the itidal range estimate at Example 3 for
a location near Dakland Airport (Oakland, CA},

SOLUTION: From Appendix ¢ of SR-7 Oakland Airport is
Station 533, which is referenced to the primary station --
Sar Francisco is 1/2 of the Diurnal Tide Range, the adjusted
N.F, for Oakland Airport is half the Diurnal Range of
Station 533, For the Diurnal Range of 6.5 feet, the N.F.
becomes

N.F o= B.5/2 5 03 2

o

Using the same values of Lower Limits found ir Exampls 3, Lhe
tidal values for Oakland Airport become:

Hignp = 1.3163¢3.25; = 4,28 feet
Low = -1.7072(3.25%1 = -5.55 feet

ar.d the tidal rangs which inotudes 90% of the High and Low Waters
is
Rang.: = 4.28 - !~5.53: = 9,83 feeci.

{v.. REQUIRED: Determine for Fort George Inleti, FL, the
probabilities requested in parts (a}) and (c) of Example 2
using Mayport as the primary reference station.

SOLUTION: Since Maypori N.F. is based on Mean Tidal Range,
the N.F. for Fort George is found from Station 2851 in
Appendix C of SR-7 as

NCOFL 2 1.8/2 = 2

The required Lower Limit becomes,

Lower Limit = -3.4 ft/2.4 ft = -1.4167. The remainder of
the Example is worked exactly like parts (a) and () of
Example 2 using the Mayport Table B-22a.

(a; The result is P(h>-3.4) = 0.3751. Therefore, there is
a 62.5 % probability that the low water level will be lower
than 3.4 feet below MSL at Fort George Inlet during any
month

{¢; Using the same value of. Lower Limit = -~1.4167, Table
B-22%: under the cclumn “Hourly Values” gives the result:
P{h>-3.4} = 0.9917, and the estimated hours per vyear thai
the shatenm doa3 not bypass aand is

(- w89V (24 hrs/day ) (36 days/year) = T2.7 hrs/year.
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Harriz, D. 1.. 1981, "Tides and Tidal Datums in the United
tatex,” SR-7, US Army Corps of Engineers, Coastal Engineering
Reseavch Center, Vickshurg, MS.



